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of laser energy in oxides of 1000 to 2000 A thickness. Experimentally, laser

fluxes greater than 60 mJ/cm2 produced color charges in the oxide, indicating a
change in oxide thickness and/or index of refraction,

Calculations of the energy density deposited in the oxide as a function of
distance from the front surface are shown in Fig., 1 for a 2000 A oxide. Here the
input laser flux ‘0 is a parameter, and the reflection from the interface is
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Fig. 1. The calculated energy density in a 2000 A thick
oxide for various laser fluxes,

incorporated in the calculations. The horizonta) dotted line represents phase
changes in the A5203 compenent of the oxide corresponding to the appropriate ener-

gy density. A linear model (constant oxide composition as a function nf laser
flux) was assumed througnout, The mudel verifies the onset of color change at

50-61 mJ/cm2 cor.esponding to the meltirg of A5203. These in{tial color changes
are prohably relaled to densification of the somewhat porous as-grown oxide.

Vaporization of As,C4 should occur at tluxes greater than about 110 mJ/cmz. Our
work has shown that evaporation of the A5203 component occurs at fluxes from

200 md/en to 1.0 J/cm?.

The "crater" producrd by laser anncaling has been examined by several techniques.
A micro-cllipsometer was used to obtain the data of Fig. 2. Here a focused Hele
las2r beam was polarization mndulated, and the %technique of Jasperson et al, was
used to determine the elliptomet: ic parameters 4 and ¢/, [rom these parameters,
the index of refrection n and the oxide taickness t could be determined. A pre-
file ot the crater {c shown in Fig. 2. Here the oxide thickness has been reduced

el
bv about 34% by a 1-J/cm' laser pulse. The roughness is believed in be produced
b{ intensity structure in the laser beam, The Los Alamos Scientific Lubnratory
(LASL) fon Licroprobe (9) using 5-MeV deuteruns prodused the oxygen concentration

data of Fig. 3. The nuclear reaction d + 1('O . p o+ '017 was used to obtain quan-

titative oxyqen data. The oxygen content nere s ahoul 60% of the initial value
and scales wi'h the thickness shown in Fig., 2, The primarv oxygen loss mechanism
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Fig. 1. The calculated energy density in a 2000 A thick
oxide for various laser fluxes.

incorporated in the calculations., The horizontal dotted line represents phase
changes in the A5203 compcrent of the oxide corresponding to the appropriate ener-

gy density. A linear model (constant oxide composttion as a function of laser
flux) was assumed througinout. The mudel verifies the onset of color change at

50-61 mJ/cm2 cor.esponding te the meltirg of A5203. These initial color changes
are prohably relaled to densification of the somewhat porous as-grown oxide,

Vaporization of Aszc3 should occur at tluxes greater than about 110 mJ/cmz. Our
work has shown that evaporation of the ASZOB component occurs at fluxes from

200 md/em to 1.0 J/cm?,

The "crater” producerd by laser anncaling has been examined by several techniques.
A micro-cilipsometes was used to obtain the data of Fig. 2. Here a focused HeNe
las2r beam was polarization mndulated, and the techn'que of Jasperson et al, was
used to determine the ellipwomet: ic parameters Yy and ¢, Trom these parameters,
the {ndex of refrection n and the oxide taickness t could be determined. A pr¢-
file ot the crater it shown in Fig. 2. Here the oxide thickness has been reduced

el
bv about 34% by a 1-J/cm' laser pulse. The roughness is believed in be produced
b[s-/ fntensiy structure in the laser beam, The Los Alamos Scientific Labnratory
(LASL) ton Wicroprabe (9) using 5-MeV deuterons prodused the ovygen concentration

data of Fig. 3. The nuciear reaction d + 1('() . p o+ '017 was used to obtafn quan-
titative oxyqen data, The oxygen content nere s about 60% of the initial valur
and sceles wi'h the thickness shown in Fig, 2. The primarv oxygen loss mechanism



is probably the vaporization of Aszo3 as predicted by our calculations. The rei-

ative thickness of annealed and unannealed areas was also verified by the depo-
sition of 20-mi1 diameter ?ates followed by the measurement of oxide capacit nce.
As shown in Fig. 2, the oxide thickness as determined from e¢A/dyy is also about

66% of the initial value. Here A 1s the cross sectioral area and dOx {s the oxide
thickness.
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Fig. 2. The thickness and index of refraction of a laser-
annealed “crater" with an input flux ¢, of about 1.0 Jenl,
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Fig, 3.. The oxygen concentration across the laser-annca’ed
crater of Fig, ? as determined by fon backscatlering.

G-V studies of MOS structures hoth inside and outside Lhe rrater show no siqnifi-
cant difference in Interface propertins even ihough the locil temperature may have
exceeded A50°C during laser annealing. By comparison, thermal anneallirg of oxides



at 400°C produces significant interface damage as seen by znhanced G-V loss peaks.

Hence laser annealing of oxides appears to be a means Jf processing native oxides
without damaging the interface of the III-v material.

Pulsed 1-MHz capacitance measurements were used tc evaluate the slow trap density.
Here the MOS structure was pulsed to -20 V for about 10 ms. At the termination
of the voliage pulse, the capacitance i» given by:

c
o(t) » ———% (1)
VI-K{Veg + aVeg)

2

2Cox
where K = ——5- (2)

NAFA

Here ¢ 1s the oxide dielectric constant, A 15 the area of the MOS structure, Cox
1s the oxide capacitance, and NA is the density of free holes,

The pulsed capacitsice recovery {s shown in Fig. 4 for three d‘fferent oxides.
Curve A {s the recovery of an as-qrown oxide, Curve B is the response of 2
furnacn-anncaled oxide for an annealing temperature of 350°C--the maximum permis
sible stcady-state temperature that avoids arsenic 1nss. Curve C results from an
oxide that was thermally annealed at 350°C and laser annealed at a flux of

230 md/en’ .
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Fig. 4. Pulsed-capacitance recovery for three ozides,
A} unannealed; B) thermal-annealed at 350 C; C) thermal-
anncaled at 350°C plus laser-annealed at 230 md/cm?.

The charge in onide traps is:

Noy(L) = —gimr'—m (3)

From the pulsed caparitance recovery, N0 may be calculated as a function of time,

0x
Flaqure & shows NOX for the three MOS structures, The reduction of slow oxide



traps with the various treatments is obvious here. Multiple laser pulses seem to
produce more desirable changes in the oxide without producing radiation damage.
Such studies are sti11 in progress.
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Fig. 5. Concentration of trapped oxide charge for the
three sample of Fig. 4.

Initiai .tudies have shown that the chemical etch -~tes for laser-annealed areas
are different than for unannealed areas. This eff t could be useful in devel-
oping new photolithographic processes.
In conclusion, we have demonstrated a new method of changing the physical, chemi-
cal, and electronic properties of native oxiJdes grown on GaAs, This method sug-
gests a variety of uses in semiconductor technology.
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